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Description 



V J2T m TSSL^ P0 T eriZa,i0n °' te,ra,luor °^ylene fTFE) monomer with perfluor 0 , a .kyl 

5 1 2S 8 T rT,^ , ^ V PerflUOnna,ed 0r P artal| y fluori ' la ^ fluorocarbon solvent in the presence 
5 or an alkane (C1-C3) chain transfer agent. 

Prior to this invention. TFE and PAVE monomers have been polymerized in the above-mentioned 
luorocarton solvents using, for example, methanol as chain transfer agent (see US-A-3 642 74^ Aetata 
transfer agent is desirabte in the type of TFE po.ymerization described herein to alter the end groups of Z 
resulting melt-processible TFE/PAVE copolymers and control molecular weight and molecuTweioK 

Sra°n n dT-CF Se O 0< 3 C h hai ? anS,er 89em - 9nd 9r ° UPS ,end 40 * u - ,able asS 
ri™T 2 ' ^ 'V"* COPOly,nerS With these end 9 rou P s to the end groups tend to 

decompose or rearrange w,th release of gases such as CO, and/or HF. These gases cause bubbles n 
molded copolymer parts and, in addition, the HF is highly corrosive. 

Methanol as a chain transfer agent has not been ideal. Methanol tends to be recycled wifh mmm » 
>5 and it is difficult to sample and analyze for methano, when mixed with monomer TheX^T, "To 
know how much methanol to add to the polymerization vessel to achieve the desired effect Tn addition the 
methanol acts to solubilize transient water and HE in the system, which results i TclsZ of 2 
poiymenzafen equipment. Moreover, the methanol forms -CH,OH end groups in the copolymer which Te 

iT'TaTT 10 ^ 0Xy9en 31 SX,rUSi0n '"W— with both release of HF^d of 
to the -CH 2 OH end groups to unstable -COF end groups. version or 

It has now beer, found that use of a C, to C 3 alkane as the chain transfer agent in place of methanol 

zsz^i^jsr with memano1 while m " tainin9 dLab,e 

a. anes can be more readily analyzed when mixed with monomer. The aikanes proouce ^end^rouw 

SS an e d m HF in ZscI ^ " ^ * *° 

water and HF n the solvent. Finally, the C-C, aikanes aid in producing oolymers of narrow molecular 

we.ght drstnbutron index which is desirable in some end uses. This feature Vunfque when compart Sh a 
o variety of other hydrocarbon chain transfer agents. compared with a 

Specifically, this invention is a process for making a melt-processible tetrafluoroethylene copolymer 

*JZT R, °^, F - CFj where,n Rf ,s Perfluoroalkyl of 1-6 carbon atoms, in a liquid oroanic solvent 
selected from perlluorinated solvents and chlorofluoroalkane solvents in which each carbon atom h« » 

5 SI 0ne n ,, ;° rina a '° m attaChed theret °- 3t 3 ,em P era,ure °« be — 30- C and 75- C 2 a pressu e o 
between 0. and 6.9 MPa gauge (15 and 1000 psig) in the presence of a polymerization i^tor and "n .he 
presence o a charn transfer agent wherein the chain transfer agent is methane, ethane t prop! The 
resulting polymer can then be melt-shaped as desired. propane. The 

The polymerization of tetrafluoroethylene with perfluoroalkyl vinyl ether comonomer is well known 
having been desenbed in a number of patents, such as US-A-3.642,742. which describes uch po ynTe'a 
tion bemg earned out ,n an organic liquid medium in the presence of cenain chain transfer aoenS The 
present mvention involves the same process but uses a different chain transfer agent 

Suitable solvents for the process are perfluorinated solvents such as perfluorocyclobutane oer- 
fluorodimethy cyclobutane and perfluorocyclohexane. Preferred solvents are commerc aSy availed 
ch>orofluoroalkanes and some chlorofluorohydroaikanes. having from 1-4 carbon atoms and p eferablvtp 

SSTnT? Wh , ,Ch ^ Cafb0n ^ iS SUbS ' Hu,ed by 31 teast ° ne -torn S 

TZ7u TT 3 maXimUm " ° ne hydr ° 9en a,0m per carbon atom « «• hydrogen is presem ont 
-n the d.fluoromethyl groupmg (-CF 2 H). Suitabte solvents should be liquid at polymerization condions 

so SfSif 0 soh,e H s are as ,ollows: CCbFj - CCbF - cc,FjH ' Z 

CCIF.CC F,. These compounds are sold under the trade names "Freon" 12. "Fmon" 11 "Freon- 22 
Freon" 112. "Freon" 113 and "Freon" 114, respective*. The most preferred solvent is "Freon" 113 
co-o?.er-°^ re r COm0n0merS *° COp0,ymeriZed » terpo.ymerized with tetraf.uoroethy.ene to produce a 
Monomers which can be used are the perfluorofalkyl vinyl ethers, having the general formufc CF j( CF 2 >. 

K,:z;;; el r number of ^ sudi as peri,uoroethyi ■»*»^ — - i 

Any suitable initiator for TFE nonaqueous polymerization can be used. It should be soluble in the 
fluorocarbon solvents, have high activity between 30'C and 75'C and be substantial nontCl"^ 
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the initiators must give radicals which will result in stable end groups on the polymer chain. Fluorocarbon 
acyl peroxides are suitable initiators. Fluorocarbon acyl peroxides which are suitable for use in the process 
are represented by the formula 




10 

where X=H, C! or F and n = 1-10. The preferred initiator is bis(perfluorcpropionyl) peroxide. A low 
temperature initiator must be used because the temperature of the polymerization system should not go 
over 75 "C. Above 75* C, the rearrangement of the perfluovinyl ether occurs so much more rapidly that a 
greater number of chains are terminated in acid fluoride end groups than is normally desirable. 

75 Carboxylic acid end groups in the polymer are termed "unstable end groups" because they decompose 
readily during fabrication of the polymer, giving rise to bubbles in the finished product. Other end groups 
such as vinyl and acid fluoride end groups are also included in the category of unstable end groups 
because they are readily converted to carboxylic acid end groups. 

The existence and quantity of these end groups can be determined by the infrared spectrum generally 

20 obtained on compression molded films of about 0.25 mm (10 mils) thickness. 

The term "specific melt viscosity" as used herein means the apparent melt v ; scosity as measured at 
372* C under a shear stress of 6.5 pounds per square inch (45 kPa). Specific melt viscosity is determined 
by using a melt indexer of the type described in ASTM CM238-52-T, modified for corrosion resistance by 
employing a cylinder, orifice, and a piston made of Stellite cobaJt-chromium-tungsten alloy. The resin' is 

25 charged to the 0.375 inch (.95 cm) I.D. cylinder which is held at 372* C £ 0.5* C, aJlowed to come to. an 
equilibrium temperature during 5 minutes, and extruded through the 0.0825 inch (2 mm) diameter, 0.315 
inch (8 mm) long orifice under a piston loading of 5000 grams. The specific melt viscosity in 0.1 Pas 
(poises) is calculated as 53,150 divided by the observed extrusion rate in grams per minute. 

The specific mert viscosity of the copolymers will be below 1 x 10 s Pas (1 x 10 7 poise) at 372* C to 

30 insure the melt-processible character of the product. The resulting copolymers are non-elastomeric and are 
useful as films, fibers and tubes for example. 

As the examples will show, the melt viscosity and the molecular weight distribution index of the 
copolymers produced are very close to those of the same copolymer produced using methanol as chain 
transfer agent, thus showing that the Ci-Ca alkanes are just as effective in terms of these criteria. 

35 Moreover there were no unstable -CH 2 OH end groups in the polymer so made and only the expected 
number of -COF end groups (or COOH groups resulting from hydrolysis of -COF groups) from comonomer 
rearrangement were present Most importantly, there was no change during extrusion of the number of 
-COF end groups present, which means that little, if any, HF was produced. 

Molecular Weight Distribution Index (MWD!) is defined as MV10/MV5. MV5 is the apparent mett 

40 viscosity in a high temperature mett viscometer, such as that made by F. F. Slocomb Co., Wilmington, DE. 
MV 5 is based on melt flow rate using 5000 g total mass while urging the mert through the orifice. The 
sample is kept in the viscometer at 372" C for 5 minutes before the flow is measured. 

MVto is measured after MV 5 , and is the melt flow rate using 833 g total mass, starting the 
measurement 10 minutes after the sample entered the viscometer. 

45 The PPVE content of a copolymer is measured using infrared spectrometry on a compression molded 
film using absorbance at 993 cm" 1 as a measure of PPVE content and absorbance at 2353 cm -1 as a 
measure of sample thickness. The ratio A9 9 3 'Az 3s 3 is related to PPVE content of the polymer by means of 
a calibration curve using known copolymers. F19 NMR is used as the prima/y standard for calibrating the 
reference films. 

50 

EXAMPLES 

Comparison Experiment 1 

Experiment Using Methanol as Chain Transfer Agent 
55 ~~ 

Into an evacuated, one liter, stainless steel, agitated pressure vessel were charged 830 ml of 
1,2,2,trichIoro-1,1,2-trifluoroethane ("Freon" 113), 30.6 grams perfluoropropyl-perfluorovinyl ether (PPVE), 
and 0.38 g methanol. The mixture was heated to 60 * C and tetrafluoroethylene (TFE) was charged into the 
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55 Claims 



1. A p.ocess for making a melt-processible tetrafluoroethylene copolymer with comprises polymerizing 
tetrafluoroethylene with at least one pertluoro(a!kyl vinyl ether) comonomer of the formula R,0-CF = CF 2 
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wherein R ( is perfluoroaikyl of 1-6 carbon atoms, in a liquid organic solvent selected from perfluorinated 
solvents and chlorofluoroalkane solvents in which each carbon atom has at least one fluorine atom 
attached thereto, at a temperature of between 30 'C and 75 *C and at a pressure of between 0.1 and 
6.9 MPa gauge (15 and 1000 psig) in the presence of a polymerization initiator and in the presence of a 
5 chain transfer agent, characterized in that the chain transfer agent is methane, ethane or propane. 

2. A process according to Claim 1 wherein the liquid organic solvent is at least one of CC'2F 2 , CCI 3 F, 
CC!F 2 H, CCI2FCCI2F. CCI2FCCIF2 and CCIF2CCIF2. and the chain transfer agent is ethane. 

10 3. A process according to Claim 1 or 2 wherein the comonomer is perfluoro(propyl vinyl ether). 

4. A process according to Claim 3 wherein the solvent is CCI2FCCIF2 

5. A process according to any one of the preceding claims which comprises the additionaJ step of melt- 
?5 shaping the resulting copolymer. 

RevendlcatJons 

1. Un precede* pour fabriquer un copolymere de t6trafluor£thylene faconnable a l'e"tat fondu, qui consiste 
20 a polyme>iser du te*trafluor6thylene avec au moins un comonomere qui est un periiuoro(ether d'alkyle 

et de vinyle) de la formule R r O-CF = CF2 ou R f est un groupe perlluoroalkyle de 1 a 6 atomes de 
carbone, dans un sotvant organique liquide choisi par mi les solvants perfluores et les solvants du type 
chlorofluoroalcane dans lesquels au moins un atome de fluor est fixe* a chaque atome de carbone, a 
une temperature comprise entre 30* C et 75* C et sous une pression comprise entre 0,1 et 6,9 MPa au 
25 manometre (15 et 1000 psig), en presence d'un initiateur de polymerisation et en presence d'un agent 
de transfer! de chatne, caracterise en ce que I'agent de transfert de chaTne est le methane. l*e*thane ou 
le propane. 

2. Un proce'de* selon la revendication 1, dans lequel le solvant organique liquide est Tun au moins de 
30 CCI2F2, CCbF. CCIF2H. CCl 2 FCCI 2 F, CCl2FCCIF 2 et CCIF 2 CCIF 2 , et Pagent de transfert de chaTne est 

I'ethane. 

3. Un procSde selon la revendication 1 ou 2, dans lequel le comonorr. »e est le perfluoro(ether de propyle 
et de vinyle). 

35 

4. Un proc^de* selon la revendication 3, dans lequel le solvant est CCI 2 FCCIF 2 . 

5. Un precede selon Tune quelconque des revendications pr£cedentes. qui comprend rdtape supple men- 
taire de fagonnage a I'etat fondu du copolymere resultant 

40 

Pate ntansprti che 

1. Verfahren zur Herstellung eines schmelzverarbeitbaren Tetrafluorethylencopolymeren, bei dem Tetra- 
fluorethylen mit mindestens einem Perfluor(alkylvinylether)-Comonomeren der Formel R,OCF = CF2. 

45 worin R f Perfluoralkyl von 1-6 Kohlenstoffatomen ist in einem flussigen organischen Losungsmittel. 
ausgewahlt aus perfluorierten Losungsmitteln und chlorfluoralkanlosungsmitteln, in denen jedes Kohlen- 
stoffatom mindestens ein daran gebundenes Fluoratom hat, bei einer Temperatur zwischen 30 *C und 
75 *C und einem Druck zwischen 0,1 und 6.9 MPa Manometerdruck (15 und 1000 psig) in Gegenwart 
eines Polymerisationsinitiators und in Gegenwart eines Kettenubertragungsmittels polymerisiert wird, 

so dadurch gekennzeichnet. dass das Kettenubertragungsmittel Methan, Ethan oder Propan ist. 

2. Verfahren nach Anspnjch 1. worin das flUssige organische Losungsmittel mindestens eines vor CCI2F2, 
CCI3F, CCIF2H. CCI2FCCI2F, CCI 2 FCCIF2 und CCIF2CCIF2 und das Kettenubertragungsmittel Ethan ist. 

55 a Verfahren nach Anspruch 1 oder 2, bei dem das Comonomere Perfluor(propylvinylether) ist. 

4. Verfahron nach Anspruch 3, worin das Losungsmittel CCI2FCCIF2 ist. 
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Verfahren nach einem der vorhergehenden AnsprOche mit dem zusatzlichen Schritt der Schmelzverfor- 
mung des erhattenen Copolymeren. 
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